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At least two factors have led to increased interest in using lowef drainage and water delivery systems necessary to implement water
quality, high-salinity water to grow crops. The first is the lack ofreuse practices. Vegetable crops that may be grown using the cyclic
drainage outlets in many agricultural areas of the world. In order tater-use strategies may include both traditional and potentially new
avoid lowering water quality for downstream users, regulations havepecies.
evolved that mandate on-farm or regional strategies for reuse and/or
disposal of saline drainage water. A second factor is that competition SALINITY PROBLEMS
between agricultural and urban users for high-quality water has
increased as the population has increased. Thus, agricultural usersin irrigated agriculture, salinity becomes a problem in two major
must rely more on low-quality water resources. Traditionally, growersvays. First, salt is imported with the irrigation water. Second, during
have shifted from salt-sensitive crops to more tolerant species in ordéire normal dissolution processes that occur in the soil, salt concentra-
to avoid yield losses associated with high salinity. Usually thigion increases, and changes in composition occur. As evaporation
involves changing from crops of higher cash value to crops of loweproceeds and water is transpired by plants, salts are concentrated in
value. Vegetable crops are generally less salt-tolerant and have highseils, often with devastating effects on both soils and crops. The total
cash value than most field and grain crops. Germplasm and managenount of salt imported through irrigation is often not fully compre-
ment practices need to be improved to provide the grower with moitgended. If Colorado River water at Parker Dam, Ariz., is taken as an
economical and environmentally acceptable options for drainagexample, the salinity may be in the range of 1 d$ on=640 mg-L*
water reuse. Some investigators have suggested that low-quality asalt. To irrigate a crop like navel oran@itfus sinensiglL.) Osbeck],
high-quality waters can be used in successive applications during crapnual consumptive water use=i% m, or 10,000 ftha of water
rotations or even within a rotation, if applied during growth stages thatontaining 6400 kg of salt (ca. 2900 pounds of salt per acre). This does
are more salt-tolerant or salt-sensitive, respectively. The addition afot take into account the import of water needed for leaching or the
saline water during fruiting of melo€gcumis meld..) and tomato  dissolution of salts that occur in the soil, or may be added as fertilizers.
(Lycopersicon esculentudill.) has even been found to enhance Even if water of high quality is used, annual salt imports in irrigated
sugar and soluble solid contents and to improve flavor and markebuble-cropping systems can easily exceed 7500 &g-ha
price. Although much research is needed to quantitatively define salt- The build-up of salts in the root zone results in loss of yield and,
tolerant and salt-sensitive growth stages for vegetables, the potentfdssibly, the breakdown of soil structure. The local solution to the
high cash value of vegetable crops would go far in offsetting the cosfgoblem is to leach the salt from the root zone, a process that requires

adequate drainage and the import of even more water to meet the
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and then deciding to install the drains to the sinks and toilets. Thealine or nonsaline water to the same crop during growth stages that
socio-political pressures that perpetuate the repetition of the scenaddfer in salt tolerance.
described go well beyond the scope of this paper and have been the
subject of previous commentary and controversy (van Schilfgaarde, sSaLT TOLERANCE OF FRUITS AND VEGETABLES
1994). On a larger scale, even when and if drainage is eventually
provided, downstream users will suffer from the effects of leached The incorporation of more salt-tolerant crops into the rotation cycle
salts. Salt that is returned to riparian systems that eventually drain bas been one method that growers have used to manage soil and water
the ocean increases the salinity downstream. In Adelaide, Australigalinity. Unfortunately, fruits and vegetables are among the least salt-
water from the Murray-Darling watershed, after use and reuse along itslerant crops. Generally, salinity reduces yield. This reduction may be
course, arrives in Adelaide at salt concentrations exceeding those atcompanied by a complete lack of visual symptoms and may go
sea water (Ghassemi et al., 1995). Rhoades and Dinar (1991) provideadetected by the grower. A threshold salinity level usually exists
conceptual and empirical evidence to show how water use on hypbelow which yield is unaffected and above which yield declines at a
thetical farming systems along a river can diminish water quality fofinear rate (Fig. 1). These parameters are referred to as the thré&shold (
downstream users. The model that they developed tested the advand slopeg), respectively, and have been described in detail elsewhere
tages and disadvantages of three options for water use. The first optifMaas, 1990; Shannon, 1997). The salt tolerance of a large number of
used river water to irrigate four crops on identical farms located alongrops, based on their respectiv@ndt values, has been described as
the river course; drainage simply was returned to the river. In a secomdresult of years of research at the Salinity Laboratory and other
option, drainage from each of the four farms was collected for threlocations (Maas, 1990; Maas and Hoffman, 1977). This work shows
salt-sensitive crops and blended to provide irrigation water for a salthat most vegetables fall within the sensitive and moderately sensitive
tolerant cotton@ossypium hirsutur.) crop before being returned to categories, and that many fruits are quite sensitive as well (Fig. 2). The
the river. The third option was similar to the second, except thaigorous research and interpretation that led to the definition of these
drainage from the cotton crop was not returned to the river, but put intalt-tolerance parameters were based on studies conducted under
an evaporation pond. This study showed that returning drainage wateniform stress applied soon after plant establishment and maintained
to conveyance systems significantly reduced yields and profitabilityhroughout the growth cycle. Although useful, the data do not permit
for downstream users (Table 1). interpretation of the effects of using nonsaline and saline water in a
In the Imperial and Coachella Valleys of California, imported cyclic strategy. Many studies have demonstrated that plant salt toler-
water from the Colorado River that is used for agriculture does naince can vary with growth stage (see Maas and Poss, 1989), leading to
return to the conveyance system, but eventually drains to the Saltaptimism for the potential of cyclic reuse within a cropping season.
Sea. During the last four decades, the salinity of this body of water hamfortunately, this aspect adds yet another complication to the devel-
increased to concentrations in excess of sea water, and salinity aopment of predictive tools for the use of saline water in agriculture.
selenium have become threats to recreational use of the sea and to its
associated wildlife habitats. In another example, water from agricul- CYCLIC REUSE
tural operations in the productive Central Valley of California was
collected by the San Luis Drain. Part of this drainage system became Several studies with field crops have tested the feasibility of using
adrainage reservoir (Kesterson) when conservationists blocked comptensaline water to irrigate moderately salt-sensitive crops or to estab-
tion of drain construction because of concerns about impacts of tHish more tolerant crops during their sensitive growth stages, and then
drainage on the habitat of the Sacramento Delta. In 1981, highsing more saline waters after the plants have reached more salt-
selenium levels found in the food chain at the Kesterson Wildlifdolerant stages of growth (Rhoades, 1989). These studies suggest that
Refuge were discovered to be the cause of deformities in and deathsmigation waters previously classified as too saline for use without an
many bird species. This finding led to the closure of Kesterson, thexpected reduction in yield can often be used without discernible yield
passage of laws that limit drainage into the reservoir, and the eventuebs. Saline water applied during specific growth stages may even
development of a program to take selected types of agricultural larichprove the quality of many fruits and vegetables by increasing sugar
out of production (Interagency Land Retirement Team, 1996). and soluble solids contents (Pasternak et al., 1986). Processing toma-
Because of the diverse detrimental effects of drainage watetpes have been grown with saline and nonsaline water, using the cyclic
whether returned to conveyance systems or stored in reservoimsater strategy, without measurable loss of yield and with associated
proposals for on-farm reuse of water have been seriously considerédcreases in fruit quality because of higher soluble solids content
One strategy, termed blending, proposes that high quality water l{&rattan et al., 1987). Applying saline water to safflo@arthamus
added to drainage water to decrease its salinity below the level théctoriusL.) increased the proportion of favorable fatty acids (Irving
would negatively impact crop yield. Another concept of drainageet al., 1988). Shannon and Francois (1978) found that water of higher
water use would be the cyclic use of nonsaline irrigation water and
saline drainage water in successive irrigations. Such a strategy might
involve using water of high quality on crops that are salt-sensitive an

more saline water on tolerant crops, or it might involve providing 120
4 Salinity thresholad (¢
Table 1. Comparison of simulation results from a model for three different| __ 100 | 4 ©
strategies of drainage management along a riparian watérway. =
N 80 |
Water Drainage Accumulative yield loss Downstream % s1
used produced for all crops (%) river water % 60 4 Slope (s)
Strategy vl volY Farms 1 & 2 Farm 3 Farm 4 quality (BC B -
1 496 779 0 2 20 3.0 = 40|
2 428 10.2 0 4 45 3.0 == r
3 428 0 0 0 0 0.5 20 |
“The model assumes that in each strategy four identical farms located along|a L N
river use identical amounts of water to irrigate identical acreages of beans 0 5 10 15' 20 25 30

(Phaseolus vulgaris..), alfalfa (Medicago sativa..), wheat, and cotton. In N L. Z1
Strategy 1, no water is reused and all drainage is returned to the river; in Strategy Soil salinity (dS m )
2, drainage from the first three crops is collected to irrigate cotton, and resultant |
drainage is returned to the river. Strategy 3 is similar to Strategy 2, except that

drainage from the cotton is not returned to the river (assumes on-farm dispos&ip. 1. The piece-wise, linear-response salinity function, where tis the salinity
YUnitless parameters. They apply to any volume measured in the model of the threshold and s is the percentage yield decrease per unit salinity
(Rhoades and Dinar, 1991). increase.
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EXPERIMENTAL STUDIES

A series of experiments were conducted at the Salinity Laboratory
during 1996 and 1997 to determine the potential for growing leafy
vegetables using relatively saline irrigation waters. Briefly, different
concentrations of saline drainage water were applied to several leafy
vegetable species at different stages of growth. Leafy vegetables were
selected for this test based on the concept that plant size was less
important than quality, and that increases in planting density could
compensate, at least partially, for the expected reduction in size.
California is a leading, year-round producer of leafy oriental veg-
etables, and, although information on the salt tolerance of these crops
is generally lacking, some vegetables might fill niches in the drainage
water reuse system when only moderate tolerance is required. Salini-
ties were imposed at different growth stages to determine plant
response. Previous work had shown that euhalophytes have much
wider ranges in ion accumulation and tolerance characteristics than
most crop species (Hoffman and Shannon, 1986). Several vegetable
species, including Swiss charBdta vulgarisL., var. flavescens
(Lam.) Lam.], spinachSpinacia oleraced..), purslane Rortulaca
oleraceal.), New Zealand spinacfi¢tragonia tetragonioide@all.)

O. Kuntze], orachAtriplex hortensid..), and certain types of mustard
greens Brassica juncegl.) Czerniak], belong to families whose
members grow vigorously in highly saline environments. Thus, these
species could have a place in cropping systems for drainage water
reuse.

In experiments conducted in sand tanks outdoors at Riverside,

Blackberry

4 . Calif., seeds of nine species of leafy vegetables were planted on 30 Jan.
I’Iué Almond

Strawberry 1997. Saline irrigation waters were synthesized based on observed
data for drain water collected at several locations in the San Joaquin
Valley. Based on the model of Suarez and Simunek (1997), salinity
was increased to simulate typical soil-water interactions, including
absorption, desorption, dissolution, and precipitation (Table 2). The
solutions also contained sufficient nitrate, phosphate and essential
micro nutrients. “Early” salinization was initiated when the first pair
Fig. 2. Salinity classifications based on threshold and slope values for so of true“Ieave"S was fuII_y expan_ded on more than half of th_e plants (17
gvegetable);/{\) and fruit @) crops (after Shalhevet, 1994F)). Crops includen#aeb')' _Late salln_lzatlon was |_m_posed based on cumulative thermal
almond Prunus dulcigMill.)], apricot (Prunus armenica..), blackberry time. Final e'eCt”Fa' Conduc“_v't'es were 3, 7, ]_'1’ 15, 19, a'nd 2_3
(Rubus fruticosaAuct.), date Phoenix dactylifera..), grape, grapefriit ~ dS-m*. The experimental design was a randomized block with six
(Citrus paradisiMacf.), orange, peacRfunus persicdL.) Batsch)], plum salinity treatments, two salinization dates (“early“ and “Iate"), and two
(Prunus domesticd..), strawberry Fragaria xananasseDuch.), carrot  replications. Species studied included two chenopods (spinach cv.
(Daucus carotd..), onion @llium cepal.), radish Raphanus sativus.), Space and Swiss chard cv. Ruby Red Chard); five brassicas {mustard
lettuce (actuca satival..), pepper Capsicum frutescenk.), broccoli  greens cvs. Vitamin GreeBi@ssica rapal., Narinosa group) and
(B_rassmaoleracea?,otrytl'_sgroyp),cabbagB(oIeraceaCapltatagroup), Red Giant B. juncea(L.) Czernj. & Coss.]; pac choB( rapal.,
spinach, cucumbe@cumis sativu.), tomato, potatcolanumtuberosum  ~pinensis group); kale cv. WinterboB.(oleraceal., Acephala
L), garden beedeta vulgarisi.), and asparagus. group); tatsoiB. rapal., Narinosa group}; and two composites [curly
endive Cichorium endiviaL., Wallone type), and radicchioC(
intybusL.) cv. Red Preco No. 1]. A second trial, employing identical
salinity levels and solution compositions, included oraktniglex
spears also increased from 95 to 108 mdrgsh weight when soil hortensisL.) and New Zealand spinacfigtragonia tetragonioides
salinity approached 21 dS+hiFrancois, 1987). (Pall.) O. Kuntze]. Both of these species may be used as late-summer
Salinity may alter both growth and development. Saline wategubstitutes for spinach.
applied after tiller formation in wheafijticum aestivuni..) reduced Routine measurements were taken to determine the combined
future spike size and yield, and decreased time to maturity. Howevegffects of salinity and planting date on number and size of leaves, rate
if saline water was applied during the early stages of tillering and the®f leaf appearance, leaf area, and photosynthetic rate. At final harvest,
flushed from the root zone, no loss of yield resulted (Francois et alffesh and dry weights were determined and shoot material was sampled
1994). An extrapolation of these concepts leads to the premise thiar ion content. Only partial results will be presented in this report.
growing high-value horticultural crops using saline drainage water
may be possible in conjunction with cyclic water-use strategies, as a
means of offsetting some of the higher input costs associated with tiiable 2. Concentrations of ions (med)lin the treatment irrigation watets.
water management requirements of such systems. H_ortlcultural CmISSIution clectrical
may prove quite suitable for such use for well-designed and well-

0 5 10 15 20 25 30 35

Yield decline (% per dS - m'])

salinity increased the sugar content of cantalo@uemis meld..)
as much as 2%. Soluble solids of asparagapdragus officinalif.)

lon concn (meg#

managed irrigation systems, because the value of the marketat§iductivity (dS-m) Cf - ng Nza; K Soé‘zl Ci

product is higher than that of field crops and may be more dependent 14'2 11'% 5059 z% 51'87 291'6;
on quality than on biomass yield. The effects of salinity on the valug, 203 19.6 870 30 840 422
of many horticultural species, such as herbs, spices, oils and medicinal 26.0 27.8 1230 3.0 116.0 596
plants, also have not been investigated. In addition, little research hag 269 379 1680 3.0 1500 81.3
been conducted to determine the potential of offsetting yield losses dae 27.3 487 2160 3.0 187.0 985

to salinity through the use of improved management techniques, SUgflrget values were determined on observed data for drainage water collected

as cyclic application of saline water, increasing planting densityat several locations in the San Joaquin Valley and model simulations (Suarez
improving quality characteristics, and hastening maturity. and Simunek, 1997).
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RESULTS AND DISCUSSION lon analyses of leaves indicated that salt accumulation was prima-
rily a result of applied salinity, but ion ratios were species-specific,
Although salt tolerance differed among species, yields of all thevith fewer differences occurring as a result of the duration of salt
vegetables were improved when application of high salinity drainagexposure. For example, Neoncentrations in spinach leaves, calcu-
water was delayed until later in the growing season. The effects varidated on the basis of plant water content, were lower than treatment
with the species. For example, late salinization of spinach and kat®oncentrations in the root zones at all salinities (Fig. 4A). Kale also had
increased the threshold tolerance, and yet relative yield reduction (th@w leaf N& levels compared with orach and pac choi, which had 2-
percentage of yield decline relative to the control) was about the sante. 3-fold higher concentrations, even at low salinity levels. Chloride
In contrast, there were no significant differences in the thresholdoncentrationsin leaves were subsequently higher for pac choi than for
salinity or yield decrease due to the onset of salinization in pac chthe other species (Fig. 4B). Concentrations of @ad SQ in the
except at the highest salinity level (Fig. 3). Other than the decreasesl@aves of the chenopods, spinach and orach, were low under all salinity
size, no adverse visual effects were noted that would reduce markéteatments. For tHerassicaspecies kale and pac choi, however, lower
ability. In most instances the vegetables grown under high salinitieaf C&* levels were found under saline than nonsaline conditions
were also a darker green, a characteristic that may improve marketal{irigs. 4 A and B), indicating a potential salinity-induced nutritional
ity. Irrigation with saline waters high in sulfate also seemed to enhangeoblem (Grattan and Grieve, 1994). Sodium-induced calcium defi-
the flavor of the leafy cruciferous vegetables. ciency can result in internal browning of articho&sifara scolymus
Fresh weight of kale was not significantly reduced by earlielL.) buds (Francois et al., 1991) and contributes to a higher incidence
salination for salinities <18 dS=min outdoor plots, yields of several of blossom-end rotin tomato (Ho et al., 1995). In saline soil solutions,
vegetables were higher at 6 dS-than at 3 dS-mh Overall, orach  chemical solubility and precipitation reactions can limit the amounts
appeared to have greater salt tolerance than the other vegetabidéavailable C# (Table 2) and lead to deficiency problems for species
planted in outdoor plots, especially when salinity was imposed 33 that have a high Garequirement or are inefficient in taking up this
after seeding. The maximum vegetative yield (fresh weight) of orachation. Several genes that influencé*@dficiency occur in tomato
was <160 g per plant, whereas yields of pac choi and New Zealar{@iordano et al., 1982). The ability of plants to accumulate or exclude
spinach were:600 g. Thus, the potential for water use may be highenutrients and potentially toxic ions (bioremediation) is an important
for crops with higher yield potentials. Nevertheless, options may exigrea of future research in technology for reuse of drainage water. In our
for increasing planting density of lower yielding, more salt-tolerantstudies, only minor changes in leaf ion concentrations occurred as a
species in order to maximize water use on a land area basis. result of longer salinization time, suggesting that growth rate and ion
Vegetable yields appeared to respond to a thermal time-weightagtake were in balance.
average salinity. Although salinity reduced overall size of many In conclusion, fitting horticultural crops into cyclic water reuse
individual vegetables, proper management might allow higher popwsystems may be possible. The high cash value of horticultural crops is
lation densities, which could offset some yield reduction; i.e., smallejustification for consideration of such species in systems that already

plants, but more plants produced. require high inputs of water and crop management. If salt tolerance
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